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Project activities and accomplishments are summarized briefly below. 

I 
biological payload. Two project personnel-D. Hitchcock and C, Thomas--spent 
six weeks of this quarter on site at Jet Propulsion Laboratories as guests of 
the Biology Section, participating in a study to define a minimum acceptable bio- 
logical payload for the 69,  71 ,  and 73 opportunities. These Statistical Decision 
Theory personnel were assigned no explicit responsibilities for portions of the 
study and have acted primarily as informal consultants to some of the Jet Pro- 
pulsion Laboratories' personnel. This participation provided an opportunity to 
obtain more detailed and accurate information about the various experiments being 
considered than is available in Hartford. During this period, attention was 
devoted primarily to obtaining information relevant to the two general subproblems 
identified earlier in the program and described in the First Quarterly Progress 
Report . These are vata transmission requirements and techniques for comparing the 
these two subproblems is summarized below. 

Participation at Jet Propulsion Laboratories in study of minimum acceptable 

utilities of alternative experiments or alternative payload mixes Progress on 

1. Data Transmission Requirements - Data communication capabilities of two 
mission modes were briefly reviewed with Jet Propulsion Lab personnel and brief 
examinations of the data transmission requirements of four classes of experiments 
were conducted. The problems of determining optimal data transmission strategies 
have been found to be more difficult than originally anticipated due to the current 
status of design of experiments, design and test of prototype experimental apparatus, 
and specification of mission mode. One class of problems regarding the intervals 
between observations of a metabolic or growth experiment and sampling errors due to 
non-random fluctuations of metabolic activity has been studied and the results of 
this study are in preparation. 

k... 
The question of bias due to partial or complete equipment malfunction has been 

explored, and it has been determined that little can be said about optimizing experi- 
ments in this respect until prototype design has progressed further. 
theoretical consideration of this problem has been postponed. 

Further 

2. Techniques for Comparison of Different Experiments - Progress in this sub- 
problem has proceeded along two different lines: 

a. Project personnel have participated in a review of the individual experi- 
ments designed to explicate the scientific assumptions implicit in their 
use as life detection instruments, and to review the availability of 
standards for interpretation 'of the data, the possibility of "false pos- 
itives," and other factors relevant to determining the value of the 
inferences which may be drawn from data collected by them. 
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b. A study of a c l a s s  of s t r a t e g i e s  of s c i e n t i f i c  explora t ions  of Mars 
expressed i n  terms of t h e  kinds of p rope r t i e s  whose presence can be 
determined, es t imates  of the a p r i o r i  p r o b a b i l i t y  t h a t  those  p rope r t i e s  
a r e  present  on Mars, and estimates of t h e  p roba5 i l i t y  of engineering 
success of t h e  mission, has been i n i t i a t e d .  
na te  property-detecting experiments may be ranked w i t h  respec t  t o  t h e  
p robab i l i t y  of  de tec t ing  the  presence of some property;  and a l t e r n a t e  
payload mixes cons i s t ing  o f n >  1 property-detecting instruments can 
a l s o  be ranked. Assumptions regarding t h e  d o l l a r  and t i m e  cos t s  o f  
increasing t h e  p robab i l i t y  of engineering success  have been made and 
t h e  e f f e c t s  on t h e  r e su l t i ng  rankings of d i f f e r e n t  pos tu la ted  t r a d e o f f s  
are being examined. A spec ia l i za t ion  of t h e  r e s u l t s  t o  include e f f e c t s  
of a l t e r n a t i v e  contamination p o l i c i e s  and assumed t r adeof f s  between t h e  
e f f e c t s  of s t e r i l i z a t i o n  on r e l i a b i l i t y  of  engineer ing components i s  
planned. 

Given such es t imates ,  alter- 

I1 Simulation 

1. The Soup Gedanken program has been completed and debugged. 
runs have demonstrated i t s  u t i l i t y  fo r  explor ing e f f e c t s  of va r i a t ions  i n  t h e  
dynamic range and s e n s i t i v i t y  of  t h e  discr iminator  which has proved, i n  t h i s  model, 
t o  be t h e  most severe ly  l i m i t i n g  feature of t h e  hypothe t ica l  experiment. Addi- 
t i o n a l  runs are planned f o r  later i n  the  year .  

Prel iminary 

2. S t r i n g  Collect ion Model. A model of  t h e  "s t icky  s t r ing"  sample c o l l e c t i o n  
system has been designed and i s  now being programed f o r  r e p e t i t i v e  s imulat ion on a 
7090 

3. A study has been performed on s t o c h a s t i c  models of microbial .populat ions 
f o r  t h e  purpose of determining whether o r  not u s e f u l  a p r i o r i  conclusions can be 
drawn from such models t o  a id  i n  t h e  design of Martian microbe de tec tors .  Very 
gene ra l  models of growth can be formulated, bu t  involve a number of unknown prob- 
a b i l i t y  d i s t r i b u t i o n s  which a re  experimentally d i f f i c u l t  t o  measure i n  terrestrial  
l a b o r a t o r i e s .  
of t h e s e  d i s t r i b u t i o n s  on Yars, it was concluded t h a t  such general ized models would 
be of  l i m i t e d  usefulness .  

Since no knowledge i s  ava i l ab le  regarding t h e  na ture  o r  ex is tence  

For t h e  purpose of computer simulations of  growth systems a s impl i f i ed  model 
was adopted which descr ibes  t h e  over-al l  growth pa t t e rn .  This model i s  e s s e n t i a l l y  
a d i s c r e t e  analog of t h e  au toca ta ly t i c  l a w  ? = k [ y ~ - y I y .  

A series of i n t e r im  notes a r e  i n  prepara t ion  and w i l l  be submitted when complete. 
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In te r im Note 2 - Data Transmission Requirement& f o r  Mars Microbe Detector  

INTRODUCTION 

I n  t h e  most simple case of a Martian Microbe Detector ,  w e  wish t o  determine 
whether t h e  change i n  an o p t i c a l  property such as t u r b i d i t y  follows t h e  l a w :  

t h a t  is, w e  

puted. 1; 
He. If 8 
growth has  

n,;e)o . wish t o  tes t  t h e  n u l l  hypothesis H,: 8 = 0 aga ins t  t heAa l t e rna t ive  
To t h i s  end d a t a  z(d a r e  co l l ec t ed  and an es t imate  p a t  
B>aC 
4 0, 
occurred. 

i s  com- 

, we do not r e j e c t  H,: p = O  and e s s e n t i a l l y  conclude t h a t  no 
, where 0, i s  some number y e t  t o  be determined, w e  r e j e c t  

I n  a c t u a l  f a c t  w e  s h a l l  never observe X ( t ) ,  but  w e  w i l l  observe on e a r t h  a 
quant i ty :  

V ( t )  = Wt),r((t) ,  qJt1, % ( t ) l  

where : 
yl(t) = "noise" due t o  c i r c u i t  e l e c t r o n i c s  

l/Ix(t) = "noise" due t o  the  d i g i t a t i o n  of our  
data t o  f i n i t e  words of r b i t s  

T3(t) = b io log ica l  f l uc tua t ions  a t t r i b u t a b l e  
t o  t h e  f a i l u r e  of eqn . ( l )  t o  accura te ly  
represent  t h e  b io log ica l  events  i n  t h e  
microbial  propagator 

Th%problem, the re fo re ,  i s  t o  e x t r a c t  from t h e  received data V( t )an  est imate  
ofPR@and t o  cons t ruc t  such o t h e r  q u a n t i t i e s  as may be needed t o  tes t  %; p= 0 . 
Divide t ime t i n t o  i n t e r v a l s  A t .  A t  t h e  end of t h e  L i n t e r v a l  (provided t h e  
c i r c u i t r y  i s  appropr ia te ly  designed) we may write: 

.a 

where subsc r ip t s  1, 2, 3 i n d i c a t e  e l ec t ron ic ,  d i g i t i z a t i o n ,  and b i o l o g i c a l  f luc-  
t u a t i o n s ,  r e spec t ive ly ,  and: 

a 
E( e ls  1 = o E( el,) = 6; 
E( et, = 0 E(e:, =qr 
E( e;, =%* V ( e ; , )  = 

A =  
C = F u l l  s c a l e  vol tage f o r  m a x i m u m  response. 
r = Number b i t s  pe r  observat ion.  
E = Expectation operator .  

V(  = Variance of parenthesized quant i ty .  

Equation ( 3 )  may be solved recurs ive ly  i n  t h e  usua l  way t o  y i e l d :  
A/ 
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n 
An estimate 8 of is given by: 

Z N  -2 = 
M4 

with an expected variance: 
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Before discussing any statistical tests it is of interest to examine eqn. 
Let ( 6 )  from the viewpoint of the optimum assignment of bits per observation. 

T bits be the total number of bits a Mars probe can deliver in its lifetime. 
Then : 

Nr = T ( 7 )  

where 
Since A = ~ 2 "  , we may write: 

N is the number of observations and r is the number of bits per observation. 

which is minimized when 
0 . 6 ~  

s2 N = l og  (0,231&/ ( 9 )  

As an example of (8) and ( 9 )  suppose: 

c = 1400 nano amp (na) 
qz 0.5 (n.a.)2 

T = 1000 bits 

qs= 100 (n.a.1 2 

-U 
Then N-90, r = 11 and A = 2 
More usefully, let a,' , a ground based large sample estimate obtained in terrestrial 
studies, be available. 

= 0.7 is the optimum allocation of bits. 

Let Sz be expressed as a binary divisor of 0.231C2T, i .e, 

(0.231) C2T (10) 
2 -u 

4;= 2 

Then the optimum assignment is: 

The preceeding treatment ignores the fact that the statistical test of H, is 
of the form: 

e^'/Szp )F, 

where S F  is a sample estimate of v(8) and 6 is the critical variance ratio at 
the 4 level of significance. 

To form an estimate s' form a table of first divided difference D; inZi a so that: 

A/ Compute : 
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' where 5 denot the  sample m e a n :  - 3 4  
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c ,* )c 

which, un l ike  eqn. ( 6 ) ,  -conta ins  t h e  parameter A t  according t o  
of ( A  t)= s m a l l  r e l a t i v e  t o a z o r  A*will inflate+=. 

If G denotes t h e  durat ion of  an experiment it can be shown t h a t  an absolute  minimum 
t o  ( 1 5 )  can be obtained by dispatching N / 2  experiments each of which makes two 
observat ions,  one at t = O  and one a t  t = G  and u t i l i z e s  T/N b i t s  f o r  each observat ion.  

I f  only one experiment can be dispatched, then  the  optimum number of observat ions 

An approximate optimum can, however, be obtained as follows: 
a z 

If d a n d & a r e  much smaller than s t h e  var iance w i l l  be dominated by =/No 
A value of N can be estimated from t e r r e s t r i a l  trials t o  y i e l d  an experiment of 
s u i t a b l e  s e n s i t i v i t y .  From an est imat ion of G, an estimate o f A t  can be formed 
such t h a t  Q;andA* a r e  small r e l a t i v e  t o  it. From the value of A t h e  word length 
r can be guessed. T h i s  value,  along with T and N ,  can be used t o  so lve  (9) t o  
g e t  an es t imate  of C. 

Discussion 

I n  a recent  note  e n t i t l e d  " S t a t i s t i c a l  Problems Concerning t h e  Mars Microbe 
Detector," J. Weiss ( B a l l  Broth6rs Research) has discussed t h e  problem of optimum 
b i t  requirements using a model d i f f e r e n t  from ( 3 ) .  
f o r  t h e  inf luence  of b i o l o g i c a l  f l uc tua t ions  e a n o r  f o r  t h e  f a c t  t h a t  such f luc tu -  
a t i o n s  w i l l  propagate themselves throughout t h e  whole course o f  t h e  experiment. 
Although it i s  f e a s i b l e  t o  examine the  opt imizat ion problem i n  greater detai l  than  
was done above, it seems more f r u i t f u l  t o  examine the inf luence  of expected sampling 
v a r i a t i o n  a r i s i n g  from r e p l i c a t e d  experiments r a t h e r  than  one experiment and t h e  
assignment of b i t s  under growth l a w s  more genera l  than  t h a t  of eqn. (1). 
be done i n  later notes.  

Weiss's model makes no allowance 

This w i l l  

Dian R. Hitchcock 

_ -  

G. B. Thomas 


